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I. INTRODUCTION

The sixteen AAP targets of Lunar Orbiter V form the
pool of potential landing sites for AAP missions. In a recent
paper, F. E1 Baz examined Lunar Orbiter IV photography of these
sites (about 60 meters resolution), tentatively choosing a
touchdown point and features of scientific interest for ground
missions®. The touchdown points were chosen for apparent smooth-
ness of touchdown and approach path and for a central location
close to several features of interest.

The ground missions would require a mobility system
to extend an astronaut's operating range. The purpose of this
paper is to examine the sites to determine the minimum required
range capabilities of such a system.

It is recognized that examination of high resolution

data from Lunar Orbiter V and more detailed mission planning
will result in a refinement of this study.

IT. DISTANCE STATISTICS

For each landing site, the distances from the chosen
touchdown point to each feature of scientific interest were
measured on unrectified Lunar Orbiter IV photographs (reproduced
from the memorandum of F. El1 Baz in Figures 1 to 10). The
distances were scaled from the 10 km line in the figures.

The following speclal rules were observed:

1. Where two touchdown points are described for a
single site, the northern one is designated (a) and the southern
one (b).

2. Where several features of the same type are present,
only the distance to the feature nearest to the touchdown point
is measured.

¥El Baz, F., Lunar Orbiter Mission V: Potential AAP Landing
Sites, Bellcomm Memorandum for File, July 26, 1967.
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The measurements are summarized in Table I. 1In
addition to the measurements of each feature of interest, the
sum of all distances for a particular site is determined and
the sum of distances for the two nearest features on each site
is determined.

Two sets of histograms have been plotted, for two
types of missions (see Figures 11 and 12). In the complete
missions, all features of interest are visited for a particular
landing site. A star pattern is used; one excursion, out and
back, 1s carried out for each feature. In the 2-feature misslons
only the two nearest features are visited.

ITIT. CONCLUSIONS

It should be emphasized that the conclusions that
can be drawn at this stage are tentative because the missions
are based on low resolution data. Furthermore only the complete
mission was envisioned in designating points of interest and
the touchdown point. A definitive study must awalt detailed
mission planning based on high resolution photographs.

However, to provide interim estimates of mobility
requirements, the following inferences can be drawn from the
histograms and associated site photography:

1. A mobility system with a 25 km maximum one-way
effective range (50 km round trip) could visit all points of
interest. A system with a 16 km maximum one-way effective
range could visit 95% of all features of interest. The eliminated
sites would be mostly in highlands.

2. The total round-trip effective range required to
visit all features is 132 km.

3. For the 2-feature mission, an 8 km maximum one-way
effective range is sufficient for all sites.

4, The total round trip effective range required for
2-feature missions at all sites is 30 km.

From these tentative conclusions, one would be led to
carry two levels of vehicle performance through study; one
with a total effective range of about 150 km and an operating
radius of 25 km and the other with a total effective range of
about 30 km and an operating radius of 8 km. Of course,
safety margins, an allowance for non-straight paths due to
obstacle avoidance and exploration deviations, and guidance
errors must be added. These two sets of requirements need not
imply separate vehicle designs; they may only imply different
power or fuel recharging and operational strategies.
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A third possible mission type, requliring mobility from
cne landing site to another, is not covered in this study.

Z
-~ / e L
1012-CJB-1jb c. J. Bféne
Attachments:

Table T
Figures 1-12
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TABLE A
Distances of Points of Scientific Interest From

The Touchdown Point

Name Site No. Point No. Distance (KM)
Littrow 1/35 1 6.4
Rilles 2 7.2%
Sum all 13.6
Sum 2 13.6
Dionysius 2/41 1 3.7
2 7.4
3 5.5%
4 14,8
Sum all 31.7
Sum 2 9.2
South of Alexander 3/45 1 2.9
2 25.4
3 15.8
4 14,1
5 7.5%
Sum all 5.7
Sum 2 10.4
Sulpicius b/L46 1 5.7
Gallus 2 7.1
3 3.9
4 5. 3%
Sum all 22.0
Sum 2 9.1
Hyginius 5/47 1 8.8
Rille 2 6.1
3 6.4%
4 11.1
Sum all 32.1%
Sum 2 12.5
Hadley 6/50 1 h.1
Rille 2 6£.8%
3 7.2
Yy 18.6
5 21.3
Sum all ~60.0
Sum 2 10.9

¥Denotes second shortest distance.




Name

Alphonsus

Copernicus
CD

Fra Mauro

Copernicus
Secondaries

Copernicus
A

Copernicus
B

Imbrium
Flows

Tobias
Mayer
Dome

Site No.

7/53

8/59

9/60

10/61

11/63 A

11/63 B

12/65

13/69

Point No.

w - Ul =W o w N - =W =W o =W H =W

Ul &= o+

Sum
Sum

Sum
Sum

Sum
Sum

Sum
Sum

Sum
Sum

Sum
Sum

Sum
Sum

Sum
Sum

all

all

6
10

7
11

Distance (KM)

.1
.9
2%
.2

35.5

13
4

U co—~3 v \O

=
~WWUl oo O

.3

.0

it~ AV V] w
*

AW~ \O

all OL4.7

all

all

all

all
2

[ ad

paf

wiH
NI oWww &= o0 =W \J1

il
WO JtWw

O

-
=N

=
Lol =

N

W~ =N HPPRONs UINNNOHEH
*

-7

=

.8%

n IO

%

O



Name

Jura
Gruilthuisen
A

Jura
Gruithuisen
B

Aristarchus
Plateau

Marius
Hills

Site No.

14/76 A

14/76 B

15/82

16/32

Point No.

Ul Ew - w ONUT =W o -

=w -

Sum
Sum

Sum
Sum

Sum
Sum

Sum
Sum

all
2

all

all

all

Distance (KM)

7.9%
10.8
15.4
11.2

7'5
12.08
64,88
15.4

Qo0 O
E 3

N
OO coVTW -~
o OOy W NOoWOOW +£= oo
* €,



0I-€ SIUNI 14 40 NOILYNVYIdX3 - ¢ F4NI 14

it

SNOI93¥ ¥v10d NI WY 91
SNO193¥ TV1401VNO3 NI WX 2!
:(31v0S) NOILVYV43S L137INVY4
1S3¥3LNI 40 s3ynLv3d

INIOd DNIANYT 31915504

WY Ol = HLVd HOVO¥ddY 3191550d

h-i

*(ALI1¥O1Y¥d) IONVLIYOdNI

DNISY3Y¥03a 40 ¥3a¥0 NI GIONVYYY ;
L1SIYILINI 40 SINIOd ¥OPYW 7013 £°C°I £

JWVY4ENS Al 01 4
SIWVY4 40 ON S31YN1dd009
11830/ "ON NOI1YNO1S3a LIS

NOI1d 1¥3S3d HdV49010Hd




¢ N9 14

431VYD HS3Y¥4 40 ¥00T14 “h

WIY dYVHS ANV L3INNVIE LHOI¥E °€
SAVY ONILLND 3771Y ¥VANIT T

SAVY LHOIT GNV X¥va ONILVNYILIV  °I

[-06-H Al-01
b4 NV o¢ .00 081
/e SNISANOIA

(&SOINVITI0A DNNOA) 3IdVHS
¥VINDI¥YI 40 SYILV¥O OIVH LHOI¥E °T
@3S0dX3 39 AVW 9N10a39
‘I171¥ A8 10D TVIYILYW J¥VW N¥va |

d-8/-H  Al-01
v N T o¢¢ 3.02 o6
Gen SATIY MOYLLIN




v N9 14

VIYILVN JYVN NI SIWOQ  *h

$038 40 3¥NS0dX3
378VE04d HLIM ¥3LV¥D OTVH LHDI¥E -¢
VYY3L % JYVA ONIY3IA0D TVINILYW N¥va °Z
JYVYW NI X31dWOD 3T7T1Y |

[-L6-H AI-01
&] N 400 o[ 3.02 46
Wi ST SNTIVI SNIJIMINS

Y3LSNTI ¥ILVYD ANV 31718 °S
ANVTHOIH NI SY¥3ILV¥D TIVWS “*h
ANVTHOIH NI Sd¥VIS ANV SIWOa “¢
LIVLINOD SNIVYYIL ONVIHOIH OML °Z
LOVLINOD ONVIHOIH-3¥VH °|

¢-86-H Al-01
v N 10€ 08¢ 3 ,0€ o€l
1719 d3ANYXTTY 40 HINOS




¢ WNII4

LOVINOD GNVTHOIH @359N¥-NIAT  ~§
IVIY3ILYW HON3E ININNIAY  *h
LOVINOD ONVIHOIH - J¥VN °E

37714 40 NOILVYNIWY3IL °2
JYVW NI 37714 SNONNIS  °I

€-¢0l-H Al-01
A N 2T 09 3,00 o€
0s/9 Ty AF1AVH

40074 I7T1¥  “h

40074 ¥31V¥) "€

INIT J¥VN - 3111 2

LOVINOD 37714 = NIVHD ¥3L1vd) °I

2-201-H  AI-07
v N ST 8 3400 o9
Lyl TN SANI9AH




9 NI I4

SYILVYD AYYANOIIS “h

(¥3Lv¥0 LIWWNS HLIM) 3WOQ °€
L1OVINOD TVI¥ILVW LHOIT-X¥VA °Z
IVIYILVW ONITLNYN Y¥Va  °|

2 ONY 1-121-H  AI-01
I N.SZ 9 MSh ofl
65/8 19 SNIINYId0D

WIY¥ NO 3¥NLV3I4 3LVONOTI “h
L1OVINOD TVIY3ILVW LHOIT-N¥VA °¢€
40074 ¥3Lv¥d NI 371718 °2
43LV¥D OTTVH Miva “|

¢-801-H  AlI-01
v S0V o€T M 0T ob
297 SNSNOHJTVY




L 3NIIA

NIVYY3IL ¥3HONOY “h

NIVYY3IL ¥Y3IHLOOWS °€
NIVHD WOY¥d SAVY °2

NIVHD ¥31vyd °|

¢-1¢l-H  AlI-01
7S N .07 obT M ,ST 91
[9/0T S3I¥YYANOIIS SNIINY3IHO0I

WIY NI 37718 “h

37714 40 ONITTId "€

LOVINOD TVIYILVW LHOIT-X¥VA 2
40074 NI S3Woa “I

€-0Z1-H  AI-01
PA S0 L MSh ool
09/6 OUNYW V¥




8 N9 14

431vd0 OTVH LHDI¥E ¢
JYVA NI S¥ILVYD TIVAS °C
SMOTTd OML N33IMLIE LIVLINOD °I

1=LeT-H  AI-01
4 N .07 o€ M 400 oc2
S9/¢T SMOTd WNIyawl

SINOD ANV SHV3d TVYLINID

WIY NI ONIaa3g

40074 NI S3771¥ SNONNIS °€
40074 ¥3LVYD NI SIWOG 2
TVIY3ILYW ANOOWWNH NV HLOOWS |

2-121-H  AI-0T
81 N.SZ 0l M ST 02
€IT SNIINY¥3d0I




6 N9 14

39014 FINIYM

JYVYH NI 37714 SNONWIS
JYYN NI 3JHW0C

¥3LVY¥0 LIKWANS

LOVLNOD ONVIHIIH - J¥VW
ANVTHOIH NI 3KWO0d
YOIYILINI ¥3ILVY) INVONVd

[-av1-H

4 N 199 o5€ M

L
9
S
“h
€
[
I

Al-01
10€ ol

9LIv1 NASINHLINYI -vNr

SYILVYD LIWWNS

NIVHO ¥3.1V¥)

37714 SNONWIS
LOVINOD v¥¥3l - 3W0C
L1OVLINOD JYVW - 3IWOC

¢-¢€l-H

.
— AN ™

Al-01

4 N 0T o€T M .59 o0€
69/€1 JW0a ¥3IAVW SvI40l




0T N9 14

SNIVHD ¥3LV¥D “h
3171 SNONNIS  °€
SLINO¥d MOT4 T
JUVW NI SIHOQ  °I
J-161-H  AI-01
84 NP o€T M ,00 %4
€8/91 STHH SNIdVW
VA NI 3T

vyy¥3L NI 3771d

NIVHO ¥31V¥)

S3IN0Q ANV S3INOD

LOVINOD FTLNVW VYY¥3L - JYVW

.
—ANMm=FF

1-84T-H  Al-01
4 N .00 082 M .S ol&
¢8/sT  NYILY1d SNHOYVISIYY




—
[+
~—

FEATURES OF INTEREST

SITES

8 .

o

J | 1 d

10 20 30 40 50
DISTANCE TO FEATURE OF INTEREST (KILOMETERS)

i

80 100

SUM OF DISTANCES TO ALL FEATURES OF INTEREST (KM)

FIGURE Il -~ COMPLETz MISSION



—~—
[+
—

FEATURES OF INTEREST

SITES

10

1 I ! J

0 10 20 30 40 50

DISTANCE TO SECOND NEAREST FEATURE OF INEREST (KM)

i | L I _J
0 10 20 30 40 50

SUM OF DISTANCES TO THE TWO NEAREST FEATURES OF INTEREST (KM)

FIGURE 12 - 2-FEATURE M1SSION



STIIH SNTIYVI

£€8/91

SNHOYVLSIHY 28/GT
*LINYD-YHAL 9L/4T
HEAVW SYILOL 69/€T
SMOTd "HEWI S9/2T
SNOINYEJ0D £9/T11
*NODHES"Had0D T9/0T
O4YAVW VHd 0976
ao °"¥YEdod 64/8
SNSNOHJTY €4/.

‘¥ AFTIAYVH 04/9

*d4 SOANIDXH Lk/S
sSNTIVD dINS 9h/h
YIANVXITIV 'S Gh/€
SNISANOIA Th/2
MOHMLLIT SE&/T1
NOILVNDISHA “ON

SHLIS ODNIANVTI dVV
A HHLIFHO HVNAT 40
dVIN XHANI T HYNDIH

"
"

2an1-
et w000




S

BELLCOMM, INC.

Subject:
Lunar Surface Missions
Case 232

Distribution List

Mobility Requirements for AAP

From:

NASA Headquarters

E. Culbertson/MLA
P. Dixon/MTY
Grosz/MTL

W. Hall/MTS

A. Keegan/MA-2

R. Lord/MTD

J. Raffensperger/MTE
Reiffel/MA

D. Schnyer/MTV

S. Trimble, Jr./MIV
H. Turnock/MA-U4

G. Waugh/MTP

Messrs.

RYQrhRoSEgiEY

MSC
Messrs. Eggleston/TH
Gartrell/KF
Humphrey/ET
Stoney/ET

=T
el o l o3 I

MSFC
Messrs. N. C. Costes/R-RP-S

Ames Research Center

Messrs. L. Roberts/202-5

C.

Bellcomm, Inc.

Messrs. F.
G.
A,
J.
D.
P.
N.
W.
B.
D.
K.
R.
J.
I.
G.
I.
J.
R.
J.
All members,
Dept. 1023
Library

Central File

CERHuUuUnNXNEHuHOosEH"dddYdE Q@

E.

J. Byrne

Allen
Anderson
Boysen, Jr.
Downs
Hagner
Havensteiln
Hinners
Hittinger
Howard
James
Martersteck
McFarland
Menard
Nehama
Orrok

Ross
Tschirgil
Wagner
Waldo

Division 101



